Abstract
Introduction
Patients with rheumatoid arthritis (RA) have increased risk of cardiovascular (CV) disease due to accelerated atherosclerosis [1] . Besides classic CV risk factors, a number of nontraditional CV risk factors have also been implicated in the elevated CV mortality observed in these patients [2] .
In this regard, chronic inflammation and the genetic background increase the risk of CV events in RA regardless of the presence of traditional CV risk factors [3] . Hyperhomocysteinemia has been found to be an independent nontraditional risk factor for CV disease, including coronary disease, in the general population [4] . Homocysteine is an intermediary amino acid formed during the conversion of methionine to cysteine. High elevations may be seen in uncommon autosomal defects of the metabolizing enzymes cystathionine β-synthase and 5,10-methylene tetrahydrofolate reductase (MTHFR) [5] . Less severe elevations of homocysteine levels are more commonly observed as a result of heterozygous mutations of these enzymes, dietary deficits of folate or vitamin B 12 , or in patients with liver disease or decreased renal function [6] . Homocysteine is directly toxic to endothelial cells, increases low-density lipoprotein oxidation, and has prothrombotic effects [7] .
Increased levels of homocysteine have been found in patients with RA [7] . Although significant survival benefit, largely by reducing CV mortality, has been also observed following methotrexate (MTX) therapy [8] , this medication reduces levels of plasma and red blood cell folate, which increases homocysteine levels via reduced activity of MTHFR [5] . Some investigators have thus advocated supplementation with folic acid for long-term, low-dose MTX therapy, since folic acid supplementation prevents MTX toxicity and hyperhomocysteinemia [9] .
A common C677T polymorphism in the gene coding for the MTHFR enzyme has been found to be a new candidate genetic risk factor for CV disease in the general population [10] . This mutation determines a temperature-related loss of function, with the T allele having an enzyme activity of approximately 35% of the values observed in individuals carrying the C allele. The 677TT genotype is associated with significantly higher total plasma homocysteine levels than in heterozygotes or in individuals with wild-type C alleles [10] .
The A1298C polymorphism in the MTHFR gene has also been associated with MTHFR activity [11, 12] . This A1298C polymorphism is known to have a lower effect in reducing enzyme activity, compared with the 677 mutation. This is more pronounced in the homozygous (CC) state than in the heterozygous (AC) or normal (AA) states. Heterozygote individuals for both the C677T and the A1298C mutations were found to exhibit 50 to 60% of control activity, a value lower than that seen in single heterozygotes for the C677T variant [11] . Interestingly, a recent study has disclosed an association of the A1298C polymorphism in the MTHFR gene with susceptibility to RA in Southern European individuals [13] .
Taking all these considerations together, in the present study we assessed the potential contribution of the MTHFR 677 C>T and 1298 A>C gene polymorphisms to disease susceptibility of patients with RA. In a further step we aimed to determine whether these two functional MTHFR gene polymorphisms might be associated with the increased incidence of CV events observed in patients with RA. Moreover, we assessed whether these two MTHFR gene polymorphisms might be associated with an increased risk of and subclinical atherosclerosis manifested by the presence of endothelial dysfunction in RA.
Materials and methods

Patients and controls
Six-hundred and twelve consecutive patients who fulfilled the 1987 American College of Rheumatology classification criteria for RA [14] , seen at the rheumatology outpatient clinics of Hospital Xeral-Calde, Lugo and Hospital Clínico San Carlos, Madrid between March 1996 and January 2006, and 865 controls, matched by age, sex and ethnicity, from the same regions were assessed for differences in the MTHFR gene biallelic polymorphisms C677T and A1298C. Information on the main demographic characteristics of this Caucasian cohort is presented in Table 1 .
A CV event was considered to be present if the patient had ischemic heart disease, heart failure, cerebrovascular accident or peripheral arteriopathy. Eighty (13.1%) out of the 612 patients with RA experienced CV events. 
Study protocol
At the time of recruitment, patients' data regarding traditional CV risk factors, previous history of CV events, and clinical manifestations were registered. Patients were followed and assessed every 3 to 6 months and patients' medical records were screened for comorbidities. Clinical definitions were established as previously described [3, 15, 16] . Patients were prospectively followed and clinical records were examined until patient death or to 1 January 2008.
Since Hospital Xeral-Calde and Hospital Clínico San Carlos are the referral centers for the population of each respective area, the first CV event was defined as an event (case) of CV complication diagnosed at the hospital in a patient without a previous history of CV disease. Specific information on CV events was collected based on patients' medical records.
Based on previously established protocols of management, all patients on MTX therapy were treated with folate supplementation. With respect to this, MTXtreated patients from Hospital Xeral-Calde received folic acid 7.5 mg/week. MTX-treated patients from Hospital Clínico were taking folic acid 10 mg/week.
Informed consent was obtained from all patients. The local institutional committees approved the study.
To determine the potential association between the MTHFR gene polymorphisms and the presence of subclinical atherosclerosis, between March and December 2007 a randomly selected subgroup of patients from Lugo was assessed for the presence of endothelial dysfunction by brachial artery reactivity study. For the purpose of assessment of endothelial dysfunction, however, patients with a history of CV events were excluded.
Endothelium-dependent, flow-mediated (post-ischemia) vasodilatation (FMD) and endothelium-independent (post-nitroglycerin) vasodilatation (NGT) were measured in 108 patients with RA from this series by brachial ultrasonography as previously reported [17] [18] [19] . Since we have observed a rapid but transient effect of the anti-TNFα monoclonal antibody infliximab that lasted 4 hours after the infusion of this drug in patients with RA [18] , the assessment of the endothelial function was performed in 19 of the 108 patients undergoing TNFα blocker therapy (14 of them with infliximab, four with adalimumab and one with etanercept) 24 to 48 hours before the administration of the anti-TNFα blocker. Normal values for the FMD percentage vary from one laboratory to another: in the echocardiography laboratory of our center, adults with FMD percentage values < 7% are considered to have endothelial dysfunction [20] . Based on 32 controls, the intra-observer variability showed the following coefficients of variation: FMD, 1.3%; NTG, 1.9%.
Genotyping
DNA from patients and controls was obtained from peripheral blood, using standard methods. Patients and controls were genotyped for the MTHFR 677 C>T and 1298 A>C gene polymorphisms using a PCR system with a predeveloped TaqMan allelic discrimination assay (Applied Biosystems, Foster City, CA, USA). Allele-specific probes were labeled with the fluorescent dyes VIC and FAM, respectively. PCR was carried out in a total reaction volume of 4 μl with the following amplification protocol: denaturation at 95°C for 10 minutes, followed by 40 cycles of denaturation at 92°C for 15 seconds, finished with annealing and extension at 60°C for 1 minute. Post PCR, the genotype of each sample was attributed automatically by measuring the allele-specific fluorescence on the ABI PRIM 7900 Sequence Detection System using SDS 2.3 software for allelic discrimination (Applied Biosystems). Duplicate samples and negative controls were included to ensure accuracy of genotyping.
Statistical analysis
Strength of association between RA and alleles or genotypes of the MTHFR gene polymorphism was estimated using odds ratios (ORs) and 95% confidence intervals (CIs). Levels of significance were determined using contingency tables by chi-square analysis.
The strength of association between CV events in RA and alleles or genotypes of polymorphisms in the MTHFR gene was estimated using the OR and 95% CI, via multiple logistic regression; estimates were adjusted by age at diagnosis of the disease (continuous), gender, age at the time of study (continuous), rheumatoid factor and traditional (classic) CV risk factors (presence/absence) as potential confounders.
The association between genotypes of the MTHFR gene polymorphisms and percentages of FMD and NTG was tested using one-way analysis of variance, and the unpaired t test was used to compare variables between two groups. Moreover, we also tested association between these parameters and genotypes using analysis of covariance, adjusting by gender, age and duration of the disease at the time of the ultrasonographic study (continuous), rheumatoid factor and traditional (classic) CV risk factors (presence/absence). Statistical significance was defined as P ≤ 0.05. Calculations were performed with the statistical package SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA).
Results
Allele and genotype frequencies of the MTFHR polymorphisms in RA patients and controls
The study had 80% power to detect an OR of 1.7 and 94% power to detect an OR of 2.0. Genotype frequencies of the MTHFR variants studied were in Hardy-Weinberg equilibrium in patients and controls. The MTHFR 677 C>T gene polymorphism in RA patients and controls did not show significant differences in the genotypic frequencies (RA patients: CC, 42.9%; CT, 45.9%; TT, 11.2%; and controls: CC, 42.9%; CT, 39.9%; TT, 17.2%) and the allelic frequencies (T-allele frequency, 34.1% and 37.2% in RA patients and controls, respectively). Similarly, the MTHFR 1298 A>C assessment did not disclose significant differences in the genotypic and allelic frequencies between patients and controls (RA patients: AA, 48.6%; AC, 41.2%; CC, 10.2%; C-allele frequency, 30.8%; and controls: AA, 49.7%; AC, 40.2%; CC 10.1%; C-allele frequency, 30.2%). Also, no significant differences in the age at onset of the disease, rheumatoid factor, anti-cyclic citrullinated peptide antibodies, shared epitope, and age at the time of disease diagnosis were observed according to the different MTHFR genotypes in the series of RA patients (data not shown).
In addition, these two gene polymorphisms did not form haplotypes, with R 2 = 0.15. This result is similar to the data found in the hapmap database in a Caucasian population that show R 2 = 0.17 between both variants [21] . Tables 2 and 3 present the genotype frequencies of the MTHFR gene polymorphisms assessed in this cohort of RA patients stratified by the presence of CV events. Interestingly, RA patients carrying the C allele of the MTHFR 1298 A>C gene polymorphism (patients with MTHFR 1298CC and MTHFR 1298AC genotypes) presented a statistically significant increased risk of suffering CV events compared with those homozygous for MTHFR 1298AA (MTHFR 1298CC + MTHFR 1928AC genotype frequency, 62.3% in RA patients with CV events versus 49.7% in those RA patients without CV events; OR = 1.67; 95% CI = 1.00 to 2.82; P = 0.04). This association was in keeping with a statistically significant increase of the C-allele frequency in patients with CV events (39.0%) compared with that observed in RA patients without CV events (29.5%) (OR = 1.52; 95% CI = 1.06 to 2.19; P = 0.02).
MTHFR gene polymorphisms and cardiovascular events
Both associations were independent of the time of follow up. Genotypic and allelic differences between RA patients with and without CV events found in the whole cohort were thus also observed in RA patients with 5 years follow up and 10 years follow up, respectively (Tables 2 and 3 ). In this regard, the MTHFR 1298 C-allele frequency was increased in patients with CV events after 5 years (38.7% versus 30.3%; OR = 1.45; 95% CI = 1.00 to 2.10; P = 0.04) and 10 years (42.2% versus 31.0%; OR = 1.62; 95% CI = 1.08 to 2.43; P = 0.01) follow up, respectively.
As shown in Tables 2 and 3 , however, no significant difference in the allelic and genotypic frequencies of the MTHFR 677 C>T gene polymorphism was observed when RA patients were stratified according to the presence of CV events, regardless of follow-up duration.
MTHFR gene polymorphisms and endothelial function
Endothelial function was assessed in 108 RA patients with no history of CV events at the time of the brachial ultrasonographic study. Patients were stratified according to the MTHFR genotypes. The mean value for the FMD percentage in this series of RA patients was lower than 7%. This result confirms the presence of endothelial dysfunction in long-standing RA patients from Northwest Spain [17, 20] . With respect to the MTHFR 677 C>T gene polymorphisms, RA patients homozygous for MTHFR 677CC had lower values of FMD percentage (4.9 ± 4.2) than those carrying the MTHFR 677CT genotype (FMD percentage = 5.9 ± 4.4) or the MTHFR 677TT (FMD percentage = 3.6 ± 2.9), but the difference was not statistically significant (P = 0.22). When the MTHFR 1298 A>C gene polymorphism was assessed, however, significant differences in FMD percentage values according to the different genotypes were observed (Figure 1) . In this regard, RA patients carrying MTHFR 1298 AC + MTHFR 1298 CC (FMD percentage = 4.3 ± 3.9) had more severe endothelial dysfunction than those homozygous for the MTHFR 1298 AA genotype (FMD percentage = 6.5 ± 4.4) (P = 0.005). Interestingly, this association was independent of the gender, age and duration of the disease, rheumatoid factor and traditional CV risk factors, since the result of the analysis of covariance test remains statistically significant (P = 0.01).
No significant differences were observed when the NTG percentage in RA patients was stratified according to the MTHFR 677 C>T and the MTHFR 1298 A>C gene polymorphism genotypes (data not shown).
Discussion
Owing to the implication of homocysteine in the mechanisms associated with increased incidence of CV events in the general population, functional polymorphisms in the MTHFR gene have been proposed as potential candidates for atherosclerosis in RA, a disease associated with increased risk of CV events and CV mortality [1] . Interestingly, our results for first time show an implication for the MTHFR A1298C gene polymorphism in the increased risk of atherosclerosis of patients with RA. In this regard, patients homozygous for the MTHFR 1298 CC genotype had increased risk of CV events at 5 and 10 years follow up when compared with those homozygous for the wild MTHFR 1298AA genotype. Also, the presence of the mutant allele C of the MTHFR A1298C polymorphism was associated with increased risk of CV events. Moreover, patients carrying the MTHFR 1298AC and MTHFR 1298CC genotypes showed more severe [20] . Interestingly, the MTHFR allele 1298C has also been found to be associated with a risk of early-onset coronary artery disease independent of homocysteine, folic acid, or vitamin B 12 levels [22] . In this regard, Weisberg and colleagues reported that the MTHFR 1298 mutation alone does not affect plasma homocysteine levels [23] . The molecular pathology of the missense A1298C mutation is not fully understood. This mutation results in an amino acid change of glutamate to alanine in the regulatory C-terminal domain of the enzyme, and is not manifested by hyperhomocysteinemia or associated with classic CV risk factors [12] . In vitro, MTHFR 1298C carriers exhibited decreased enzyme activity -indicating the functional importance of the A1298C polymorphism, through a molecular mechanism that remains unknown [23] . Recent studies have disclosed that 5-methyl-tetrahydrofolate, the circulating metabolite of folic acid participating in homocysteine metabolism, rather than plasma or vascular homocysteine, seems to be a key regulator of endothelial nitric oxide synthase coupling and nitric oxide bioavailability in human vessels, suggesting that plasma homocysteine is an indirect marker of 5-methyltetrahydrofolate rather than a primary regulator of endothelial function [24] . These results question the direct role of circulating homocysteine as an atherosclerosis risk factor.
Unlike Rubini and colleagues, we did not observe an association of the MTHFR A1298C polymorphism with susceptibility to RA in the Spanish population [13] . The association of the MTHFR A1298C gene polymorphism with CV events in Spanish individuals with RA therefore seems to be independent of the potential role of this polymorphism in the susceptibility to the disease.
With regard to the MTHFR C677T gene variant, we did not find any significant association with susceptibility to RA. It was also the case when we assessed endothelial function or the presence of CV events. These findings do not support the previously reported association of this gene polymorphism with increased risk of premature coronary artery disease [25] , endothelial dysfunction in patients undergoing coronary artery bypass graft surgery [24] and higher risk for stroke [26, 27] . Nevertheless, it seems that this polymorphism is only associated with an increased risk of CV disorders under low-folate conditions, varying between different populations according to characteristic folate intake [28] . Although the present study included a reasonable sample size, however, the numbers decreased when patients with RA were stratified for CV events. This fact might explain the failure to see association of the C677T MTHFR gene polymorphism with CV events due to lack of power. Finally, replication of our findings in an independent dataset is needed to confirm the implication of the MTHFR A1298C gene polymorphism in the increased risk of atherosclerosis of patients with RA.
Conclusions
The present study shows for the first time an association of MTHFR A1298C gene polymorphism with the risk of CV events and subclinical atherosclerosis manifested by the presence of endothelial dysfunction in patients with RA.
Abbreviations CI: confidence interval; CV: cardiovascular; FMD: endothelium-dependent, flow-mediated (post-ischemia) vasodilatation; MTHFR: 5,10-methylene tetrahydrofolate reductase; MTX: methotrexate; NTG: endothelium-independent (post-nitroglycerin) vasodilatation; OR: odds ratio; PCR: polymerase chain reaction; RA: rheumatoid arthritis; SNP: single nucleotide polymorphism; TNF: tumor necrosis factor.
